INTRODUCTION
Rice bran (RB) is a by-product of rice processing that consists of pericarp, germ, rice fragments and small amounts of rice hulls, with an oil content of approximately 18%. However, this raw material has low commercial value due to problems with oxidative stability, which poses a challenge to the production of foods with acceptable quality and taste (Glushenkova et al., 1998) .
In addition, RB presents lipolytic enzymes that favour the development of rancidity and make it very unstable during storage (Mujahid et al., 2003) . The fatty acids released by the hydrolysis of triglycerides during storage produce acid and an unpleasant taste and cause nutrient deterioration, which compromises the use of RB in animal feed (Pestana et al., 2009) .
In this context, some researchers have reported the need for RB to be stabilized shortly after its production, with the aim of reducing the activity of enzymes, mainly lipases, peroxides and lipoxygenases (Brunschwiler et al., 2013) . Heating has been shown to be the most effective method for lipase inactivation and stable RB production without increasing free fatty acids during storage (Mujahid et al., 2003; Oliveira et al., 2012) . Microwave heating processes have specific characteristics, such as the instantaneous penetration of the product and the rapid conversion of electromagnetic energy to heat. Furthermore, they reduce treatment times and have unique technological features since they uniformly heat the material, thus optimizing processing and product quality (Rocha, 2002) .
Besides that, antioxidants retard the oxidative spoilage while light, air and high temperature accelerate spoilage process. In the presence of oxygen, light, heat or metals, unsaturated fatty acids are converted to fatty acid radicals which undergo further reduction, to produce more free radicals or peroxides which in turn act on fatty acids. Antioxidants inhibit oxidation by reacting with free radicals, which are formed early in oxidation process, blocking the formation of fatty acid radicals and terminate the chain reaction (Waheed et al., 2004) .
Many natural and synthetic antioxidants have shown a decrease or delay in the undesirable evidence of oxidation progress. There are many studies showing that feeding poultry with antioxidant compounds added into the diets containing antioxidants improve the oxidative stability (Luna et al., 2010; Karre et al., 2013; Haselmeyer et al., 2015) .
All these potential benefits coupled with changes in some countriescountry's regulations on the use of synthetic compounds in animal nutrition have stimulated the interest for further research in the use and potential effects of phytochemicals in the diets of farmed animals. Furthermore, studies on butylated hydroxytoluene (BHT), a widely used synthetic antioxidant compound, have shown potential toxicity and adverse effects (Carocho & Ferreira, 2013) . It has been demonstrated that herbs and spices are compounds that, when included into animal diets, are generally effective to help sustain good health, performance, welfare of the animals, and the oxidative stability of their products (Amad et al., 2011; Borazjanizadeh et al., 2011; Hafeez et al., 2016) .
Another RB stabilization technology is pelletizing through mechanical processes combined with humidity, pressure and heat. This treatment uses mild temperature and pressure and thus requires a longer processing time. Furthermore, the use of natural and synthetic antioxidant additives may delay oxidative deterioration (Waheed et al., 2004) .
In this context, the objective of the present study was to evaluate the stabilization of brown RB with natural and synthetic antioxidants and with dry-heat and moist-heat treatment and its inclusion at 6.5% of the diet on broiler performance, liver and breast yield, breast meat quality, nutrient digestibility and energy metabolization.
MATERIAL AND METHODS
The methodology and protocols for this experiment were approved by the Ethics Committee on the Use of Animals of the Brazilian Agricultural Research Corporation under protocol number 012/2014.
Animals, Experimental Design and Diets
A total of 1080 one-day-old male Cobb broilers were housed in metal batteries with grated floors in a completely randomized design. A 3 x 3 factorial arrangement of treatments (thermal treatment x antioxidant) was applied with ten replicates for 90 experimental units with each cage being an experimental unit composed of 12 birds.
Prior to the storage, the RB was submitted to three antioxidant additive treatments, without antioxidants, natural, and synthetic, and to three heat treatments, without heat, dry-heat and moist-heat, to prevent rancidity and/or oxidation and then stored. The natural antioxidant (1000 ppm tocopherols, 250 ppm citric acid and 1000 ppm neem oil), and all rice bran were stored on a wooden pallet in the dark in a covered, dry, wellventilated place for 90 days, and the synthetic antioxidant consisted of 100 ppm TBHQ (Tertiary Butylhydroquinone), 250 ppm citric acid, and 5000 ppm formaldehyde. The evaluated thermal treatments were conducted as follows: without heat exposure; thermal stabilization with dry-heat (with a 1000-W microwave intermittently for 4 min at an average temperature of 85°C) and moistheat (conditioning at 90°C for approximately 10 seconds followed by 4.75-mm matrix pelletization). This resulted in a 3 x 3 factorial arrangement of treatments consisting of natural or synthetic antioxidants and without antioxidant combined with dry-heat, moist-heat and without heat.
Experimental diets were mash and formulated to meet the nutritional requirements (regular performance) of the birds according to the recommendations of Rostagno et al. (2011) (Table 1) , and rice bran (RB) was included as 6.5% of the diets. 
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Growth performance
The following performance variables were evaluated: average body weight of the birds, daily weight gain, feed intake and feed conversion. The birds were weighed on the first day of the experiment and then weekly throughout the experimental period (1 to 28 days of age). The amount of feed was also weighed throughout the experimental period
Meat quality and liver composition
At the end of the experimental period (28 days of age), two birds per replicate, totalling 20 birds per treatment, were identified, weighed and slaughtered by cervical dislocation to measure the weight of the breast meat and liver to determine the yield in relation to live weight. The breast meats and livers were frozen at -10°C for subsequent evaluations.
To quantify the breast meat quality parameters, the meat samples were thawed under refrigeration (3 to 5°C) for 24 hours, and 100 g of each sample (± 5.0 g) were weighed and packed in a sturdy plastic bag to avoid contact with the external environment and kept fully submerged in a water bath during cooking at a controlled temperature of 70-75°C for one hour. After this period, the samples were removed from the bath and the packages and placed on a paper towel until they reached room temperature. They were then weighed again to determine the loss by cooking (LC) (Honikel, 1987) , which was determined by calculating the difference between the initial and final weights. After the samples were cut towards the muscle fibres into approximately 1.0 cm × 1.0 cm × 2.5 cm rectangles, they were analysed with a texture analyser (TA XT Plus Texture Analyzer © , Texture Technologies Corporation), and the shear force (kgf) was determined. Drip water loss (LW) was analysed using the technique described by Boccard et al. (1981) using samples of the pectoralis major muscle, which was removed from the carcass and cooled for 24 hours at 2 ± 1°C. Each sample had a thickness of approximately 2.0 cm after removing the bone and adipose tissues and the most superficial layer, thus avoiding the use of tissue that had been dehydrated by contact with the air. The samples were weighed in a semi-analytical balance and conditioned in a dripspecific collector. After the samples were refrigerated for 48 hours at 4°C, they were removed from the refrigerator, and contact with the liquid exuded by the meat was avoided. The samples were gently dried with a paper towel and weighed again, which allowed the percentage of water loss per drip (%) to be calculated using the formula [100 -(Final sample weight x 100) / (Initial sample weight)].
Colour evaluation was performed using a Chroma Meter CR-310 colorimeter (Minolta, Osaska, Japan) and the L *, a *, b * system, where L * is luminosity, a * is the intensity of the colour red and b * is the intensity of the colour yellow. Three distinct points of the pectoralis major muscle were analysed, and the values were used to obtain an average colour for this muscle.
Liver samples were lyophilized, and the fat content was determined following the method 30-20 from the American Association of Cereal Chemists (AACC, 1995) .
Nutrient digestibility
To evaluate the nutrient digestibility coefficient, excreta were collected (Sakomura & Rostagno, 2007) 
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eRBCA-2019-1062 from 19 to 22 days of age while the birds were kept in metal batteries with grated metallic floors over collecting trays. The excreta were collected once a day per experimental unit (the feathers and the rest of the rations of the trays were removed) and packed and frozen (-10°C) to avoid fermentation of the samples. During the same period, the amount of feed consumed and the total excreta produced were determined. At the end of the collection period, the excreta were thawed and homogenized and then pre-dried in a forced-air ventilation oven at 55°C for 72 hours, and both the excreta and feed samples were analysed for dry matter (DM), nitrogen retention (NR), ether extract (EE) and gross energy (CE) contents in a calorimeter pump (LECO AC500). To analyses, the DM was determined using a drying oven at 105 ± 3°C with natural air circulation for 24 h following recommendations from the American Society of Agricultural Engineers (ASAE, 2000) ; the content was expressed as percentage (%). The ether extract was determined following the method 30-20 from the American Association of Cereal Chemists (AACC, 1995) . The nitrogen content was determined using the AACC method 46-13 (Ibid.), and the protein content was determined using a 6.25 nitrogen to protein conversion factor. With the results obtained from the laboratory analyses of the rations and excreta, the apparent metabolizable energy (AME) and apparent metabolizable energy corrected for nitrogen (AMEn) values were calculated according to the equations: AME=[(GEc -GEex)/ DMc], where GEc= gross energy consumed, GEex= gross energy excreted and DMc= Dry matter consumed. And AMEn= [GEc -GEex -(8.22*NB)/ DMc], where GEc= gross energy consumed, GEex= gross energy excreted, DMc= Dry matter consumed and NB= nitrogen balance (nitrogen consumed -nitrogen excreted) proposed by Matterson et al. (1965) . The apparent nutrient digestibility coefficients (ADC) for DM, NR, and EE were determined using the formula: ADC (%) = [(NC -NEx) / NC] × 100, where NC = the amount of nutrients consumed, and NEx = the amount of nutrients excreted according to the methodology proposed by Sakomura and Rostagno (2007) .
Statistical Analysis
The data were analyzed using GLMs in the SAS program (SAS Inst., Inc., Cary, NC, 2002) . The data were subjected to analysis of variance (ANOVA) with a 3 X 3 factorial, such model is a very powerful way to examine interactions to evaluate the interactions between the antioxidants and the heat treatments. In case of significant interactions, the data was analyzed with one-way anova. When there were no significant interactions, the effects of the antioxidant types and the heat treatments were analysed separately by Tukey's test at a 5% level of significance.
RESULTS
The performance data are presented in table 2. There was no interaction between the factors for the variables of daily weight gain, body weight at 28 days and feed conversion (p>0.05). When separately evaluating the antioxidants, there was no significant effect of the antioxidant type on the performance variables. However, the moist heat treatment of the RB resulted in a higher daily feed intake and body weight at 28 days and better feed conversion compared to the RB without heat treatment.
There was a significant interaction between antioxidants and thermal treatment on the daily feed intake (Table 2) ; the dry-heat treatment lowered feed intake compared to the humid heat treatment (Table  3 ). In the humid heat treatment, the use of a synthetic antioxidant resulted in a higher daily feed intake compared with the natural antioxidant and the control.
The breast and liver weight and yield results are presented in table 4, and no significant interactions were observed between the factors. Additionally, the antioxidant type and heat treatment has no significant effect on these variables. In relation to the breast meat quality (Table 5 ) and the fat content of the liver (Table  6 ), no significant interaction in factorial was observed between the tested factors, nor was there an isolated effect of the use of supplemental antioxidants and heat treatment of RB on drip loss, cooking loss, shear force, breast colour and liver composition. Table 7 shows the nutrient digestibility coefficient data, and there were no significant effects of the interactions between the tested factors on the coefficient of apparent digestibility of dry matter and ether extract.
The apparent metabolizable energy and the nitrogen-corrected apparent metabolizable energy of the diets were also not affected by the RB treatments, nor were the heat treatments and antioxidants significantly affected by the nutrient digestibility ADC and ADC EEE coefficients. Similarly, Pasha et al. (2008) evaluated the effects of adding RB kept under different storage times and with different antioxidants to the poultry diet and found no differences in apparent and true metabolizable energy. However, there was a significant interaction between the factors on the nitrogen retention coefficient ( Table 7) . The natural
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eRBCA-2019-1062 antioxidant meal treated with dry-heat showed a lower nitrogen retention coefficient than the diets without heat treatment (Table 8) , the natural antioxidant resulted in a lower protein digestibility coefficient than the synthetic antioxidant treatment. However, when the meal was treated with humid heat, the synthetic antioxidant presented a lower digestibility coefficient than the control without an antioxidant. Capital letters in the column differ from each other depending on the heat treatment within each antioxidant. Lowercase letters on the line differ from each other depending on the antioxidant within each heat treatment. Natural antioxidant (1000 ppm tocopherols, 250 ppm citric acid and 1000 ppm neem oil); synthetic antioxidant (100 ppm TBHQ (Tertiary Butylhydroquinone), 250 ppm citric acid, and 5000 ppm formaldehyde; dry-heat (with a 1000-W microwave intermittently for 4 min at an average temperature of 85°C) and moistheat (conditioning at 90°C for approximately 10 seconds followed by 4.75-mm matrix pelletization). 
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DISCUSSION
The results of the present study demonstrate that treating rice bran RB with antioxidants does not affect broiler performance. Similarly, Mujahid et al. (2004) did not find a significant effect on broiler performance when evaluating the effect of antioxidants up to 250 ppm in rice bran. Chae et al. (2002) studied the thermal processes of RB stabilization and suggested that supplementation with rancid rice meal may impair the performance of animals. Their results demonstrated greater RB stabilization through the thermal process, which resulted in better animal performance. Yasin et al. (2012) and Parveen et al. (2013) evaluating the natural antioxidant in the diet of chickens, depicted that broilers receiving α-tocopherol in feed gain higher body weight and better feed conversion efficiency.
Similarly, Rocha (2002) stabilized RB with microwave treatment and observed reduced levels of free fatty acids after four weeks of storage, and Ramezanzadeh et al. (1999) observed lower lipase levels in microwavetreated meal stored for 16 weeks. Previously, Rosniyana et al. (2009) indicated that RB stored for 4 to 6 months could be thermally stabilized by autoclaving and parboiling, respectively. Farias et al. (2014) , testing the stabilization of new, parboiled rice bran and that of RB stored for 180 days in quails, observed that the control diet (without bran) had higher dry matter and mineral digestibility coefficients. However, the AME and AMEn values of the control diet were lower than those of the other treatments containing rice bran. Mujahid et al. (2003) reported lower fat digestibility values with increased RB storage time, but the magnitude of this effect depended on the level of inclusion in the diet and the thermal processing to which the meal was submitted.
In addition, according to Kurir et al. (2004) , the presence of toxic compounds formed during oxidation can damage liver epithelial cells, and changes in the fatty acid composition of the liver can alter organ size due to disorders caused by lipid metabolism. Thus, the lack of variation in liver weight is an indication that the secondary and tertiary products formed during oxidation were not sufficient to affect the organ.
In conclusion, RB, although considered an oxidativeunstable ingredient, showed to be little influenced by the use of antioxidants and storage for 90 days. However, thermally treating this RB proved to be more effective, as demonstrated by the performance responses of the birds. Broilers reared until 28 days of age consuming diets containing 6.5% of whole RB stabilized by heat treatment showed improved performance, and the use of antioxidants was not necessary.
